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Viral Disease Networks
Natali Gulbahce1, Han Yan2, Marc Vidal2, Albert-Laszlo Barabasi1.
1Northeastern University and Dana Farber Cancer Institute, Boston, MA,
USA, 2Dana Farber Cancer Institute and Harvard Medical School, Boston,
MA, USA.
Viral infections induce multiple perturbations that spread along the links of the
biological networks of the host cells. Understanding the impact of these cascad-
ing perturbations requires an exhaustive knowledge of the cellular machinery
as well as a systems biology approach that reveals how individual components
of the cellular system function together. Here we describe an integrative method
that provides a new approach to studying virus-human interactions and its
correlations with diseases. Our method involves the combined utilization of
protein - protein interactions, protein - DNA interactions, metabolomics and
gene - disease associations to build a ‘‘viral diseasome’’. By solely using high-
throughput data, we map well-known viral associated diseases and predict new
candidate viral diseases. We use microarray data of virus-infected tissues and pa-
tient medical history data to further test the implications of the viral diseasome.
We apply this method to Epstein-Barr virus and Human Papillomavirus and shed
light into molecular development of viral diseases and disease pathways.
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Mapping the Structural Locations of Disease-Associated SNPS
Michael Montesano.
University of Illinois Chicago, Chicago, IL, USA.
Non-synonymous single-nucleotide polymorphisms (nsSNPs) are the greatest
source of genetic diversity within humans. The random mutation approach
evolution has taken to instill this diversity leaves its footprint throughout the hu-
man genome in the form of SNPs. Unfortunately, many nsSNPs manifest them-
selves phenotypically as genetic diseases harmful to their host. Nathan Stitziel
demonstrated that many of these disease-associated SNPs map to voids or
pockets, rarely observed to be within the interior of the protein, and furthermore,
there is no tendency for disease SNPs to be located in conserved regions. Both
conclusions ring counter to to a significant portion of disease SNP research as
well as to intuitive logic, since one would expect a mutation on either a buried
or highly conserved residue to have a destabilizing effect. In the time since N.
Stitziel produced his conclusions, the two major sources of SNPs he used, dbSNP
and OMIM, have seen explosive growth in size and scope. The current build of
dbSNP contains 92.3 million SNPs, up from 4.8 million SNPS at the time of Na-
than’s research. I propose to revisit his work equipped with updated repositories
of nsSNPs and see if his his conclusions hold given the new data available.
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System Biology Pathway Exchange - Bridging Pathway Data And Quanti-
tative Models
Oliver Ruebenacker, Michael L. Blinov, Ion I. Moraru.
University of Connecticut Health Center, Farmington, CT, USA.
Online databases store thousands of molecular interactions and pathways, and
numerous modeling software tools provide users with an interface to create and
simulate mathematical models of such interactions. However, modeling tools
often have to deal with formats that are structurally and semantically different.
Conversion between formats (making data present in one format available in
another format) based on simple one-to-one mappings may lead to loss or dis-
tortion of data, is difficult to automate, and often impractical and/or erroneous.
This seriously limits the integration of knowledge data and models. We intro-
duce an approach for such integration based on a bridging format that we
named Systems Biology Pathway Exchange (SBPAX) alluding to community
standards for exchange of mathematical models (SBML) and storing pathway
data (BioPAX). It facilitates conversion between data in different formats by
a combination of one-to-one mappings to and from SBPAX and operations
within the SBPAX data. The concept of SBPAX is to provide a flexible descrip-
tion expanding around essential pathway data - basically the common subset of
all formats describing processes, the substances participating in these processes
and their locations. SBPAX can act as a platform for converting between for-
mats and documenting assumptions used during conversion, gluing (identifying
related elements across different formats) and merging (creating a coherent set
of data from multiple sources) data. This works was supported by NIH/NCRR
grants RR022232 and RR13186.
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Docking by Structural Similarity at Protein-Protein Interfaces
Petras Kundrotas, Rohita Sinha, Ilya A. Vakser.
University of Kansas, LAWRENCE, KS, USA.Rapid accumulation of the experimental data on protein-protein complexes
drives the paradigm shift in protein docking from ‘traditional,’ template free
approaches to template based techniques. Homology docking algorithms are
based on sequence similarity between target and template complexes and can
account for up to 20% of known protein-protein interactions. When the highly
homologous templates for the target complex are not available, but the structure
of the target monomers is known, docking by local structural alignment may
provide an adequate solution, as a complement to the traditional template-
free docking, which is notoriously sensitive to structural inaccuracies. Such
an algorithm was developed based on structural comparison of monomers to
known co-crystallized interfaces. A library of templates was compiled, consist-
ing of 11,932 interfacial fragments, extracted from the asymmetric and bio-
logical units in PDB. The structural alignment was performed by TM-align
program. The results were optimal with the interfaces defined by 12A distance
cutoff. The benchmarking of the procedure was performed on the DOCK-
GROUND docking benchmark sets: 99 unbound complexes and the extended
set of 372 bound complexes. The models were ranked by TMscore. Higher-
accuracy models (i-RMSD < 5A) were found in top 10 predictions for 25 %
(unbound set) and 33 % (extended bound set) of targets. Importantly, most of
the successfully predicted complexes were in addition to those predicted by
template-free docking (by GRAMM-X). Compared with the full structure
alignment, the partial structure alignment succeeded in a significant number
of targets on which the full alignment failed. The method was also tested on
previous CAPRI targets. The results indicate that the partial structure alignment
provides a much needed addition to the docking arsenal, with the combined
structural alignment and template free docking success rate significantly sur-
passing that of the template free docking alone.
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Selection of Near-Native Protein Structures by Means of Molecular
Dynamics Simulations
Bogdan Barz, Qingguo Wang, Jingfen Zhang, Zhiquan He, Dong Xu,
Yi Shang, Ioan Kosztin.
University of Missouri - Columbia, Columbia, MO, USA.
In spite of recent advances, the problem of protein structure prediction from the
amino acid sequence remains a challenging one. In general, once a large set of
model protein structures is predicted one needs to define selection criteria for
identifying the structure that is the closest to the native one. The most common
way of discriminating between predicted structures of a given protein is to em-
ploy either knowledge or physics based energy functions. Here we present an
alternative ranking method of the predicted structures of a protein by testing their
stability during gradual heating achieved by all atom molecular dynamics (MD)
simulations. In general, the smaller the RMSD of the structure of a protein is
(with respect to its native one) the more stable this structure is. Thus, one can
rank the quality of these structures by comparing the relative stability of the
predicted structures against gradual heating. We refer to this approach as the
MD-Ranking (MDR) method. We have successfully tested the MDR method
on several sets of proteins. We have also tested the MDR method in the 2008
Critical Assessment of Techniques for Protein Structure Prediction (CASP8)
competition as part of our MUFOLD-MD server, which worked as follows: i)
it generated 10,000 structures using the ab initio method of the Rosetta software,
ii) from these, 64 structures with the lowest Rosetta energy were selected, and iii)
re-ranked with the MDR method. The top 5 models, with the best MDR score,
were submitted to the CASP8 organizers. Based on the official CAP8 results,
MUFOLD-MD was ranked as number one server in the Free Modeling category.
Work supported by a grant from NIH [R21/R33-GM078601]. Major computer
time was provided by the University of Missouri Bioinformatics Consortium.
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The Protein Circular Dichroism Data Bank (PCDDB) - First Release of
a New Resource for Spectroscopic Data Sharing
Lee Whitmore1, Benjamin Woollett1, Andrew J. Miles1, Robert William
Janes2, B.A. Wallace1.
1Birkbeck College, University of London, London, United Kingdom, 2Queen
Mary, University of London, London, United Kingdom.
The Protein Circular Dichroism Data Bank (PCDDB) has been designed as a
resource for the deposition of circular dichroism (CD) spectroscopic data and
accompanying meta-data, with links to sequence and structure data bases and
citation references. A key aim of the PCDDB is to provide a repository for spec-
troscopic data in a comparable manner to that of the long-established Protein
Data Bank (PDB), which contains three-dimensional structures of proteins
and their associated crystallographic, NMR or cryo-EM data. The PCDDB
will be a searchable data bank of CD spectra, with associated tools and proto-
cols for spectral matching, analysis and back-calculations available as part of
the overall resource. In addition, validation software will be available for
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standard of data incorporated into this resource. The PCDDB will accommo-
date both conventional (lab-based) CD data and synchrotron radiation circular
dichroism (SRCD) data. It will provide for easy wide-spread dissemination of
research results and a facility for data sharing, as a simple means of fulfilling
granting body requirements. The first release of the Protein Circular Dichroism
Data Bank was made publicly-available in September 2009. The first entries
were of the 71 proteins that comprise the SP175 reference database (Lees et
al., Bioinformatics 22:1955; 2006). In the current release, users can download
and access these data files. In the full beta release, due in late 2009/early 2010,
users will be able to deposit their own spectra, which will be validated before
being made openly available on line. The PCDDB can be accessed through the
website http://pcddb.cryst.bbk.ac.uk.
(Supported by a grant to BAW and RWJ from the BBSRC Bioinformatics and
Biological Resources Fund).
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Entropic Fragment Based Approach for Aptamer Design
Chih-Yuan Tseng, Jack Tuszynski.
University of Alberta, Edmonton, AB, Canada.
Aptamer, a short RNA/DNA sequence, is designed through SELEX (systematic
evolution of ligands by exponential enrichment) to bind to specific targets in-
cluding small molecules, proteins, nucleic acids, and even cells, tissues and
organisms. Several advantages such as binding specificity and affinity and
non-toxic and non-immunogenic properties make aptamer a promising tool in
therapeutic applications. Basically, SELEX starts with preparing a pool of ran-
dom RNA/DNA sequences and consists of a series of enrichment processes. In
each step, the process will identify sequences that have the highest binding af-
finity. The success of SELEX hinges on synthesizing ‘‘good’’ random sequence
pools. A ‘‘good’’ pool should have sufficient sequence diversity and structural
complexity. Furthermore, the quality of sequence pools also greatly influences
efficiency of SELEX. These criteria discourage the application of the conven-
tional virtual screening approach.
Therefore, we propose an entropic fragment based approach that is free from
these criteria to design aptamers given a target protein in this work. The crux
is to introduce probabilistic description. First, the approach utilizes limited in-
formation such as the interactions of nucleotide fragments and target proteins
to determine the probability of having such interactions. Afterward, based on
the method of maximum entropy (ME), the preferred nucleotide fragment that
mostly likely interacts with target proteins is the one that maximizes the en-
tropy of the system. By repeating the same procedure given the fragment deter-
mined in previous step, a preferred aptamer then can be constructed. At last, we
consider the thrombin aptamer designed from SELEX as a target to investigate
the applicability of the proposed approach.
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Transcription Factor-Target GeneMapping Enhanced by Integrating Mo-
tif Search, Function Annotation and Expression Data
Yu Bai.
Seralogix LLC, Austin, TX, USA.
Transcriptional regulation is essential for all eukaryotes. Defining regulatory
networks, linking transcription factors (TF) to target genes, is of fundamental
importance to biology. Developing predictive models for TF-target mapping
is critical to test current understandings and to propose new hypotheses. Nev-
ertheless, predicting target genes remains challenging because TF binding mo-
tifs are often short, degenerated and widely-spread. Moreover, the binding
mechanisms are generally more complex than recognizing a specific sequence.
Thus, apart from leveraging the motif identification accuracy, it may be helpful
to integrate alternative knowledge depicting the relationship between the TF
and the targets.
Herein we developed an integrated TF-target mapping strategy and examined
its performance. The candidate genes were predicted by a sum of three factors:
the enrichment and quality of the putative motifs, identified via an optimized
position weighted matrix (PWM) score over phylogenetically conserved pro-
moter regions; a Gene Ontology-based semantic functional relevancy measure;
and a causal relationship measure between the gene and the TF derived from
expression profiles. The evaluation was conducted using 52 transcription fac-
tors covering most of the known, PWM-available TFs in higher eukaryotes,
and their total of 1315 curated target genes.
The integrated strategy achieved a considerably higher accuracy with an area
under receiver operating characteristic curve (AUC) of 0.67, compared to the
commonly-adopted method relying on solely a motif enrichment score (AUC
of 0.56). In particular, optimizing the PWM score in phylogenetically con-
served promoters increased both sensitivity and specificity; functional rele-
vancy and causal correlation further lowered the false positives.The results illustrate the feasibility of integrating multiple knowledge sources
to improve TF-target mapping. The presented strategy is readily scalable to ge-
nome-wide, and can be applied along with other inference tools to assist the
regulatory network reengineering.
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Prediction of Functional WXXF-Like Protein Motif from Sequence
D. S. Dalafave.
The College of New Jersey, Ewing, NJ, USA.
Development of reliable techniques to predict functional peptide motifs from
their sequences is an important task in bioinformatics. Identification of func-
tional motifs through experiments can be difficult, while searching protein da-
tabases often requires substantial computational resources. Finding short motifs
is particularly hard. Presented here is a simple and effective way to identify
short, functional WXX(F/W) motif from sequence. The method involves a
development of a scoring function based on the sequence properties. Cla-
thrin-coated vesicles coordinate selective transport of molecules across the
membrane. The AP-2 adaptor complex is essential for the clathrin-coated ves-
icle formation. Two ‘‘ear’’ domains of the AP-2 complex bind to clathrin and
accessory proteins. The accessory proteins interact with the AP-2 via short mo-
tifs. One such motif is WXX(F/W). Substitutions of W in the first or F/W in the
last position of the motif eliminate the binding with the ear domains. Residues in
position 2 of the motif can be mutated to some extent, while position 3 is very
flexible to residue substitutions. In this work, three-dimensional computer
models of known WXX(F/W) variants bound to the ear domains were con-
structed. Systematic residue mutations were done to determine sequence proper-
ties crucial for the motif’s interactions, and thus for its function. The sequence
properties were used to construct a scoring function. The function was tested
on randomly generated and other known WXX(F/W) sequences. The scoring
function successfully captured relationships between sequences’ properties
and their functionalities. Several false positive results were obtained. However,
the scoring function reliably identified nonfunctional sequences. New putative
functional motif variants were predicted. This study on functional WXX(F/W)
motif should increase our understanding of vesicle transport mechanisms.
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Functional Characterization of Tubby Domains of Arabidopsis Thaliana
Using Computational Methods
Shaneen M. Singh, Nataraj V. Dongre.
Brooklyn College, Brooklyn, NY, USA.
Tubby domain containing proteins are cell signaling proteins common to many
multicellular eukaryotes. The tubby domains have dual binding function and
are capable of interacting with both DNA and phosphotidylinositol, thereby
potentially functioning as transcription factors as well as membrane associated
signaling factors. Structurally they adopt a barrel structure with a putative
DNA binding groove that terminates in a phosphoinositide binding basic pocket
as revealed in experimentally solved tubby domains. Tubby and tubby-like pro-
teins have been implicated in the maintenance and function of neuronal cells dur-
ing post differentiation and development, and mature-onset obesity in animals but
not much is known about the function of tubby domain proteins in plants. We have
undertaken a comprehensive computational examination of all tubby domains in
the model plant, Arabidopsis thaliana to understand the structural basis for the
mechanism of their function and to compare them with tubby-domains in other
organisms. We have modeled the various tubby-domain proteins in A. thaliana,
which share 30- 80% sequence similarities across their C-terminal tubby domains
and are unique in possessing a conserved N-terminal F-box domain of about 50
residues in almost all members, using an automated modeling pipeline coupled
with manual refinement methods. The biophysical analysis of all tubby domains
in this model plant represents the first structural investigation of these domains in
plants and provides initial insight and predictions as to their function in plants.
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HAMDAM-1 as a Sequence-Based Software for Studying the Physical
Properties of Proteins
Hamid Hadi Alijanvand, Maryam Rouhani, Ali A. Moosavi-Movahedi.
Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran,
Islamic Republic of.
In the field of protein evolution there are a few studies that focus on the physical
parameters of the protein. For a comprehensive study of physical parameters
it is necessary to consider biothermodynamic parameters, structural and statis-
tical properties simultaneously. We developed the HAMDAM-1 as a sequence-
based software which is capable of calculating different physical parameters of
proteins synchronously based on their amino acid sequences. Our results could
confirm the co-evolution among three interacting proteins Cav 1, a-actinin
and rSK2. The difference between rSK1 channel and the other proteins of this
family (rSK2 and rSK3) were also authenticated.
